Objectives: The aim of the study is was to determine the incidence and mortality of second hip fracture using a nationwide database. Patients and methods: A nationwide epidemiological study was conducted using the Taiwan Results: The incidence rate ratio of second hip fracture showed a 7.13 fold of risk of further hip fracture in 3 months, 5.21 fold in one year, and remained more than 2 fold in the end of 6th year when compared with the general population. The 6-year cumulative incidence of a second hip fracture was higher in female (8.0%) than in male (6.2%). A significantly higher 1-year mortality rate was seen after a second hip fracture (18.8%) compared to the first hip fracture (14.1%) (p < 0.05). Men had higher 1-and 5-year mortality rates after second hip fractures (12.1% and 41.2%, respectively) than women (17.4% and 47.3%, respectively). Conclusions: Patients with hip fractures would have a 2e7 fold of risk of a second fracture within 6 years. Women were more prone to a second hip fracture than men but men had a higher mortality rate.
Introduction
A fractured hip has long been recognized as a devastating event, not only for the individual, but also for the health care system. 1, 2 Approximately 30% of patients with a hip fracture die within the first year, 3e5 and many more experience significant functional loss and long-term consequences. 6, 7 Owing to the serious socioeconomic burden of hip fractures, the incidence of hip fractures has been widely documented in different parts of the world. 8 However, epidemiological analysis regarding the risk of sustaining second hip fractures is limited compared to that of sustaining the first hip fracture, as fewer studies have addressed this issue. According to previous literature, the risk of a second hip fracture increases after the first one. Poorer prognosis for the second fracture compared to the first fracture has been indicated. Overall, 1-and 5-year mortality rates after a first hip fracture are 15.9% and 45.4%, respectively, while mortality rates after a second hip fracture are 24.1% and 66.5%, respectively. 10 A review article in 2012
reported that the people of Taiwan, a country with approximately 23 million people, were at high risk for hip fractures. 8 Therefore, the incidence and time interval of a second hip fracture should be investigated considering that the data may be useful for establishing secondary fracture preventive measures, and provide information to other countries with similar demographic structure and hip fracture incidence. Using the Taiwan National Health Insurance Research Database (NHIRD), a nationwide database with epidemiologic information on hip fractures, the current study aimed to examine the cumulative incidences of second hip fractures according to age, sex, and time after the first hip fracture while taking competing risk of death into account. Mortality associated with second hip fractures was also assessed.
Patients and methods

Data sources
Taiwan implemented a single-payer National Health Insurance (NHI) Program in 1995 to finance health care for all residents. Enrollment in the program is mandatory for citizens, and foreigners in Taiwan are also eligible for inclusion. As of June 2012, more than 23.2 million individuals were enrolled in the NHI (coverage rate >99% of the population) and 190,885 healthcare providers contracted with NHI, representing 92.62% of all healthcare providers in Taiwan. 19 The National Health Research Institute (NHRI) in Taiwan maintains the NHIRD, which contains all the claims data of the NHI program, and it provides this data to scientists for research purposes. The database comprises the following comprehensive information of insured persons: demographic data, diagnostic codes, dates of clinical visits and hospitalizations, length of hospital stay, details of prescriptions, procedures/surgeries, and expenditures.
Identification of cases
A discharge diagnosis of cervical, trochanteric, or subtrochanteric hip fractures were established on the basis of the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM): 820e820.9. Cases of incident fractures were further validated by using the surgical procedure codes characteristic of a primary hip fracture surgery including hemiarthroplasty (ICD-9-CM Procedure Code 81.52) or internal fixation (ICD-9-CM Procedure Code 79. 15, 79.35) . Additional information such as sex, age, and overall mortality during the hospital stay were also recorded. Patients with pathological fractures (ICD-9-CM 733.14, 733.15) were excluded from the study.
A nationwide survey of hip fractures among patients aged more than 50 years between 2001 and 2011 was conducted. Patients who were admitted for a hip fracture anytime between 2001 and 2005 were excluded; therefore, we can be sure that the indexed fracture was indeed the first, as the probability of a recurrent fracture is highest the first few years following an initial fracture. 20 356 hospitalizations) , or admissions occurring less than 2 weeks apart (887 hospitalizations). A total of 834 hospitalizations (0.69%) were excluded owing to missing date of admission (n ¼ 249) or invalid/missing personal information (n ¼ 585). Finally, 95,484 subjects with hip fractures were enrolled in the study. A patient's second hospitalization with a hip fracture diagnosis code was defined as a second hip fracture if the fracture occurred more than 2 weeks after the first fracture and it was validated as an incident hip fracture (see description above). A total of 4102 subjects had second hip fractures.
Statistical analysis
The time from the first to second hip fracture, end of follow-up, or death were calculated. A cumulative incidence estimate, accounting for variable follow-up and competing risk of death, was calculated to describe the time from the first to second hip fracture for women and men separately. The analysis was repeated in 10-year age groups by using age at the first fracture. The cumulative incidence of mortality was calculated by using the KaplaneMeier survival analysis. A log-rank test was applied to compare mortality rates following the first and second hip fracture, as well as to compare mortality rates between men and women.
IBM SPSS Statistics 20 was used for data processing and descriptive statistics. STATA 12 was used to compute cumulative incidences and perform survival analysis. Data are presented as absolute frequencies (percentages), mean ± SD, or median. The hazard ratio (HR) is presented with a 95% confidence interval (CI). The level of significance was set at 0.05.
Ethics
All researchers who plan to use the NHIRD are required to sign a written agreement declaring that the data in the NHIRD would not be used to obtain information that could potentially violate patient privacy. The study protocol was reviewed by the NHRI, who gave their agreement to the planned analysis of the NHIRD data. The present study was also approved by the Institutional Review Board (IRB) of the xxx Hospital, which is certificated by the Ministry of Health and Welfare, Taiwan.
Results
A total of 95,484 cases of first hip fractures were identified from January 1, 2006 to December 31, 2011. Among these fractures, 4102 subjects (men: 1363, women: 2739) had subsequent hip fractures in the follow-up period until December 31, 2011. The median time from the first to second fracture was 460 days for women and 465 days for men (range: 15 days to 5.9 years).
The incidence rate of a second hip fracture was 206 per 10,000 person-years for women and 174 per 10,000 person-years for men. The incidence rate ratio of a second hip fracture compared to the general population revealed that patients were 7.13 times more likely to have another hip fracture within 3 months and 5.21 times more likely to have another hip fracture within 1 year, and the rate remained more than 2 fold for within 6 years ( Fig. 1, Table 1 ).
Taking the competing risk of death into account, the cumulative incidence of a second hip fracture was 2.2% for women within 1 year, 1.8% for men within 1 year, and 8.0% for women within 6 years, and 6.2% for men within 6 years (Fig. 2, Table 2 ). The slope is the steepest in the first year following the first hip fracture in both sexes. Women demonstrated a significant propensity to have a second hip fracture compared to men 1 year after the first hip fracture (p < 0.05).
When stratified by age, the 6-year cumulative incidence revealed a significantly higher hazard ratio for women compared to men (Table 3) , except in the age group of 50e59 years. Women and men both demonstrated the same trend of increasing incidence of a second hip fracture as they aged, which plateaued at age 70e79 years and then declined.
The 1-and 5-year mortality rate was 14.1% and 42% after the first hip fracture, respectively, and 18.8% and 60.6% after the second hip fracture, respectively (Fig. 3) . Women and men both showed a significantly higher mortality rate after a second hip fracture compared to the first hip fracture 1 year after the indexed fracture (p < 0.05). When comparing differences in sex, men had a higher 5-year mortality rate than women following the first or second hip fracture (p < 0.01).
Discussion
Hip fracture is a major public health issue in the elderly. Taiwan, a nation of a 23 million population with majority of ethnic Chinese people, was found to have higher incidence of hip fracture than other ethnic Chinese populations, similar to that of Western countries. 21, 22 Kanis et al reported that Taiwan was among countries with highest incidence of hip fracture, second to Scandinavian countries but higher than the UK, Germany, Hong Kong, and Singapore. 8 In light of this, the present study sheds light on the epidemiologic data and mortality of second hip fracture in order to provide information for healthcare providers and policymakers in Taiwan and other countries with similar demographic structure and hip fracture incidence. In countries where population aging is just an emerging issue but is expected to accelerate rapidly in the coming decades, like China, Brazil, and southeastern Asia, our data may underestimate the incidence and mortality of second hip fractures.
23,24
Incidence
The current study is a nationwide population-based investigation. Most of the previous studies addressing second hip fractures involved only a small number of patients thus, limiting the power of their results. 25, 17, 10 In a study from Denmark, Ryg et al reported a cumulative incidence of a second hip fracture between 1977 and 2001 of 9% within 1 year and 20% within 5 years. 15 However, the incidence of a second hip fracture might be overestimated if death after the first hip fracture was not taken into account. 26 In a Norwegian study, Omsland et al estimated the cumulative incidence of a second hip fracture to be 15% for women and 11% for men within 10 years of the first hip fracture, which was higher than Taiwanese population in the current study. 13 The lower 1-and 5-year cumulative incidence in the present study may be caused by several reasons. First, we included younger patients aged 50e59 years who had lower risk of a second hip fracture (Table 3) . Second, we have taken into account the competing risk of death in our analysis. 13 Third, only 2.0% of the Taiwanese people aged >65 years lived in institutions according to a national survey, 27 which was much lower than that in France, Australia, Japan, and Canada. 28 It has been reported that living in an institution was associated with increased risk of second hip fracture because of a higher prevalence of physical disability and mental impairments. 17, 29, 30 However, whether living in institutions can account for different second hip fracture incidence between countries needs further investigation, since societal factors such as government subsidies for institutionalized elderly may affect the demographic distribution of healthy or frail people. Fourth, osteoporosis is a known risk factor for hip fractures. 1, 31, 32 The prevalence of osteoporosis in different study country is also an important factor to consider. The prevalence of osteoporosis was 40.8% for women aged more than 50 years and 17.7% among men in Denmark; whereas those are 12.5% and 5.3% for Chinese adults.
33,34
The higher osteoporosis prevalence in Nordic countries may contribute to higher incidence of second hip fractures. In a recently published study using NHIRD in Taiwan, Shen et al analyzed cases in a 4-year period and discovered a higher one-year cumulative incidence of a second hip fracture compared to our data (4.1% and 2.7% for people aged more than 75 years and younger than 75 years, respectively). 35 Death as a competing risk of a second hip fracture, however, was not taken into account in the study. In addition, patients with the diagnosis of a hip fracture within only 2 years before the index data were excluded in their study. This might not correctly identify true first hip fracture, since the incidence of second hip fracture is still high at 2 years following first hip fracture. 20 Incidence rate ratio
The high incidence of a subsequent hip fracture is clustered in the first few years after the first hip fracture, as described in previous studies. 20, 12, 15 In a study by Nymark et al, 12 the risk of a second hip fracture diminished to a level equal to or lower than the risk of a first hip fracture after 12 months. In the current study, there was a trend toward clustering of second hip fractures in the first 6 years, but not as pronounced as described by Nymark et al.
Osteoporosis prevalence in different countries may contribute to this observation, that people with more osteoporotic bones would have second hip fractures sooner.
34,33
Cumulative incidence according to sex
The cumulative incidence for men and women remained similar in the first 3 months and 6 months, but demonstrated a significant difference 1 year after the first hip fracture (HR, 1.21e1.35). Omsland et al found that the age-adjusted risk of a second fracture during a 10-year period was 40% higher for women compared to men. 13 The authors attributed the phenomenon to the fact that the women and men have the same risk for a second hip fracture, but in general, women live longer after prior fracture, and thus, they have a higher risk for a second fracture. When stratified by age, we found a significantly higher cumulative incidence of second fractures in women compared to men across all age groups, except for those aged 50e59 years. In this age group, there were more non-osteoporotic hip fractures, resulting in a decreased incidence of second hip fractures, and the difference between men and women was not significant. 36 
Mortality
The 1-and 5-year mortality rate was 14% and 42% after the first hip fracture, respectively, and 19% and 61% after the second hip fracture, respectively. The higher mortality rate after a second hip fracture may be explained by advanced age and more comorbidities. Many studies have reported mortality rates after first hip fractures. 13, 36, 3 To our knowledge, only two studies have addressed the mortality rate after a second hip fracture. 10, 15 The authors found the mortality rate after a second hip fracture remained higher compared to the first hip fracture of the similar baseline cohort. This may indicate physiologic differences in recovery following the first or second hip fracture. When stratified by sex, the 1-and 5-year mortality rate after second hip fractures was 12.1% and 41.2% for women and 17.4% and 47.3% for men, respectively (p < 0.01). This finding was similar to previous studies. 15, 10 Wehren et al 37 discovered a high infection rate (pneumonia/influenza and septicemia) in men after a hip fracture. This is a possible explanation for the higher mortality rate for men compared to women. As the incidence of second hip fractures was high and the mortality rate was higher than in people with first hip fractures, it is imperative to have some interventions after the first hip fracture. Brauer et al discovered the correlation of increasing use of bisphosphonate and declining incidence of hip fracture, which suggested anti-osteoporotic treatment would decrease hip fracture rate. 3 Similar finding has been reported by Alves et al that there was an abrupt turning point of hip fracture incidence and bisphosphonate use. 38 Regarding treatment of osteoporosis and incidence of second hip fracture, it has been demonstrated that compliant use of bisphosphonate is effective in the prevention of second hip fractures. 39e41 However, Roerholt et al found that only 9.2% of women and 4.1% of men received anti-osteoporotic therapy after a hip fracture. 42 Moreover, other means of preventing fractures should be initiated along with pharmacologic therapy such as fall prevention, exercise, and use of hip protectors. 43 
Limitations
First, a limitation of this study is that, like other secondary databases, registration bias may occur such as a missed report or repeat registry. Second, we defined first hip fractures by excluding the hip fractures that occurred in the previous 5 years, considering that most second hip fractures happen within 5 years after the first one. 20 However, there may be some patients who actually experienced a second hip fracture between 2006 and 2011 but it was considered a first hip fracture, which may decrease the overall incidence of a second hip fracture. Third, the follow-up period was moderate, leading to exclusion of some patients with subsequent hip fractures. Fourth, owing to the limitation of the database, we could not specify the fracture pattern, comorbidities, body mass index, bone marrow density, or socioeconomic status. Fifth, hip fracture patients might die before arriving at the hospital or treated in other countries. However, the numbers are most likely very small. Sixth, we did not specify those fractures due to high-energy trauma, which may have a different clinical course than an osteoporotic hip fracture. Finally, the results from current study may only apply to Taiwanese population, that may be different from other countries in osteoporosis prevalence, age distribution, societal factor, and healthcare system.
Conclusions
Patients with a hip fracture are 5e7 times more likely to suffer a second hip fracture within 1 year and twice as likely to suffer a second hip fracture within 6 years. Women were more prone to a second hip fracture compared to men; however, men had a higher mortality rate compared to women after the second hip fracture. Patients with second hip fracture show a higher mortality rate compared to first hip fracture. Due to the worldwide trend of aging and osteoporosis, efforts should be taken to prevent second hip fractures. The current study provides information to healthcare providers and policymakers in Taiwan and countries with similar demographic structure and hip fracture incidence.
